If you have a family member or friend who has had a stroke, you may have wondered "what is a stroke?" and "can you get better after a stroke?" You also might have noticed that people cannot walk as well after a stroke. This is because a stroke is an injury to the brain. When a person's brain is injured, it is difficult for that person to control his or her muscles. But! Even though there are difficulties walking after a stroke, walking can still be improved. In the following article, we explain how and why training the arms can help someone get better at walking after a stroke.
THE BACKGROUND
Once upon a time, our ancestors walked on all four limbs, just like a cat or a dog. That is right, we used to walk on both our hands and our feet! This is because humans are animals, too! As millions of years passed, we began to walk on two feet. This allowed us to use our hands for other tasks, like waving, carrying, and throwing, as we move about. Even though walking on two feet is different from other animals, the way in which we control walking is closely related to that of animals that walk on all fours.
THE BRAIN IS IMPORTANT, BUT OTHER PARTS OF THE NERVOUS SYSTEM ARE TOO!
It is very common for people to think that the brain controls all of the movements that we make. When we think about moving, signals travel from the brain travel down to the spinal cord through nerves (almost like telephone wires). The spinal cord acts like a freeway with many exits in both directions. In one direction, information from the senses travels to the brain, and in the other direction, signals are carried from the brain to control the muscles. The actions of these muscles are what cause the arms and legs to move. However, the brain is not always required to cause movement. By examining animals, scientists discovered that complex groups of cells within the spinal cord can control walking [1] . It turns out that the main job of controlling walking is done by the spinal cord, and not the brain. Many animals are fully capable of walking without signals from the brain. Have you ever heard of the saying "running around like a chicken with its head cut off?" It is actually possible! This is possible because those groups of cells within the spinal cord can control movement of the legs without signals from the brain. We do, however, need to send signals from the brain to tell the spinal cord to start walking! Once the signals from the brain start the movement, the spinal cord can coordinate movement between all four limbs. This coordination ensures that there is alternating activity between the muscles that bend and straighten the legs on the left and right side of the body. This is made possible because of nerve connections between the limbs. These connections share information that we sense about our surroundings, which can then increase or decrease activity of muscles during walking. This is useful when we need to quickly respond to an obstacle or hazard. For example, have you ever had a close call by stubbing your toe and almost falling on your face while walking? Then, without thinking, you move your limbs and prevent yourself from falling. This automatic reaction to tripping happens within the spinal cord, through the nerve connections between your limbs. So, it is clearly very important that humans have groups of cells within the spinal cord and nerve connections between limbs, both to help generate walking and to prevent falls. Studying the groups of cells in the spinal cord and the nerve connections between the limbs can guide scientists to help people get better at walking after an injury, like a stroke. Figure 1 shows how the brain, the spinal cord, and the information from the moving limbs interact to produce and maintain walking, running, swimming, and cycling.
WHAT IS A STROKE, AND HOW DOES IT AFFECT A PERSON'S ABILITY TO WALK?
A stroke is one example of a brain injury that weakens the connections between parts of the brain, and between the brain and the muscles that allow us to move. The most common kind of stroke is called an "ischemic" stroke. Blood in the brain flows through blood vessels, similar to water running through a hose. Sometimes, blood clots floating in the blood can clog the blood vessels and prevent blood from flowing to some parts of the brain. This lack of blood flow prevents nutrients and energy from getting to those areas of the brain. Brain cells that are unable to get healthy blood will die. If brain cells die, they cannot communicate information to other parts of the brain or the body.
Because of weakened connections between the brain and body after a stroke, people can have difficulty doing tasks that were easy before. For example, a person can have difficulties walking short distances or even standing. This is because the signals coming from the brain that normally control walking are weakened by the stroke. However, these difficulties with walking do not have to last forever. The ability to walk can be recovered after a stroke because the brain and spinal cord can change when a person does physical exercise as rehabilitation. Rehabilitation means to recover function after an injury. There are Figure 1 The brain, spinal cord, and information from the moving limbs interact to control and maintain rhythmic movements. These rhythmic movements can include activities such as walking, running, swimming, and cycling, which are shown in the center of the diagram. 
REHABILITATION
The action of restoring someone to normal health by training or therapy many types of tools that doctors can use to help with rehabilitation. Unfortunately, many of these tools are very expensive and not very many stroke patients get to use them.
A stroke (and other brain injuries, too) can weaken connections from the brain to the spinal cord and the muscles, as well as weaken the ability of the brain and spinal cord to receive information from the limbs about movement. However, inside the spinal cord, those groups of cells and connections between the limbs remain. Doing movements that connect the arms and legs-like walking or cycling-can strengthen the connections in the nervous system.
CAN TRAINING HELP A PERSON AFTER A STROKE?
Many experiments show that movement of the arms changes the activity of muscles in the legs [2] . This happens even after a stroke [3] . Recovery from a stroke can occur without rehabilitation, but rehabilitation has been shown to increase the rate of recovery and the amount of recovery that a stroke patient can achieve. Even many years after a stroke, rehabilitation can help. We previously studied how a type of rehabilitation that involved training the arms and legs together on a special bicycle helped people get better at walking after stroke [4, 5] . We discovered that this training improved the strength of the arms and legs, the ability to walk, and the nerve connections between the arms and legs. However, we did not know whether performing training with only the arms could help with walking after a stroke. Training with only the arms can be done at most community gyms, making this type of rehabilitation accessible to many people recovering from strokes.
CAN TRAINING JUST THE ARMS HELP A PERSON GET BETTER AT WALKING AFTER A STROKE?
Our purpose was to find out if training just the arms could help people who had strokes get better at walking [6] . To test this, we recruited 19 people who had a stroke at least 6 months before the experiment. Each person visited our laboratory three times before the training started. During those three visits, we measured their ability to walk, the strength in their arms and legs, how well they could control their muscles during walking, and the strength of the nerve connections between their arms and legs.
To measure their ability to walk, we timed how long it took them to walk 10 m and measured how far they could walk in 6 min. To measure the strength in their arms and legs, we had them squeeze a specialized handle with each hand as hard as they could, and push/ pull with their ankles as hard as they could within a specialized boot. To measure control of their muscles, we placed sensors on the skin that could record the activity of the muscles. To measure connections between the arms and legs, we applied a small shock to their hands and measured the activity of the muscles in the other limbs after the shock.
Once we got measures from the participants, they started an arm cycling training program. The training consisted of cycling with the arms at a moderate pace, meaning that participants could do the task for 30 min without getting tired. This training happened three times each week for 5 weeks and every session was 30 min long. After the training, we tested the participants again with the measures used before the training, to see if they had any improvements.
TRAINING JUST THE ARMS CAN HELP WITH WALKING!
To see the effects of the training program, see Figure 2 . Our participants struggled to walk prior to training. But after training, our participants could walk faster and for longer distances. They also increased the strength in their arms and legs, strengthened the connections between their arms and legs, and improved their ability to control their muscles during walking. All of these changes are similar to what happens when people train their legs. The interesting part, however, is that these people did not even use their legs-they just used the nerve connections within the spinal cord and from the arms to the legs! See Figure 3 to see how the nerve connections between the limbs are strengthened when participants train just the arms after stroke. Figure 2 A cartoon of the improvements that can occur when someone trains their arms after a stroke. On the left, the old lady has trouble walking and requires her walker. In the middle, she performs arm cycling training as rehabilitation. On the right, she has improved her ability to walk and her strength. Out of excitement, she holds her walker up in the air! 
WHY IS THIS IMPORTANT?
Many of the tools used for rehabilitation after a stroke are very expensive to use and buy, and not all people who have had a stroke have lots of money. This means that a lot of people do not have access to the equipment that can help them get better at walking after a stroke. We want to help all people improve walking after a stroke by using simple equipment that can be found everywhere. Almost all community gyms have leg cycles and arm cycles. By using simple cycling exercises, even for training only their arms, people who have had a stroke may someday be able to use their legs and walk again.
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